Introduction
Concentrations of prolactin (PRL) in sera from ruminants vary directly with changes in duration of daily light exposure (Pelletier, 1973; Bourne and Tucker, 1975) and changes in ambient temperature (Wettemann and Tucker, 1974; Tucker and Wettemann, 1976) . For example, 16 to 20 hr of cool-white fluorescent light per day will sustain greater concentrations of PRL in sera of prepubertal bulls than will 8 or 24 hr of light (Leining et al., 1979) . In addition, young sheep (Forbes et al., 1975) and heifers exposed to 16 hr of light per day will grow faster than animals exposed to 8 to 12 hr of light daily. However, 16 hr of supplemental light did not increase concentrations of PRL when ambient temperatures were below 0 C . During weeks when low ambient temperatures decreased serum concentrations of PRL, growth of Holstein heifers exposed to 16 hr of light was accelerated in comparison with that of heifers exposed to natural photoperiods of 8 to 12 hr light daily (Peters et al., 932 JOURNAL OF ANIMAL SCIENCE, Vol. 51, No. 4, 1980 1978; . Thus, it is doubtful that increased PRL secretion is solely responsible for the accelerated body growth. Therefore, we postulated that light may affect release of other hormones associated with growth. The objective of the present investigation was to explore the effects of duration, intensity and wavelength of daily light exposure on basal concentrations of growth hormone (GH), glucocorticoids, thyroid stimulating hormone (TSH) and thyroxine (T4). In addition, the capacity of the anterior pituitary to release GH was estimated after administration of thyrotropin releasing hormone (TRH.) to prepubertal bulls.
Materials and Methods

Animal Management.
Experiments were conducted in chambers maintained at 18 to 22 C and 60 to 70% relative humidity as described by Leining et al. (1979) . In all experiments, eight prepubertal Holstein bulls were housed four to achamber and fed ad libitum a complete pelleted diet, trace mineralized salt and water. Bulls were placed in chambers for 4 to 14 days before the start of the experiment. Light exposures during these adaptation periods were the same as those used at the beginning of each experiment. During the adaptation periods, bulls were handled daily, but blood was not collected. The intervals reported in these experiments pertain to time after adaptation periods.
Hormone Assays. In all experiments, blood samples were allowed to clot for 1 to 2 hr at room temperature. Samples were stored at 4 C for 24 hr before centrifugati0n at 1,000 x g for 20 minutes. Sera were decanted and stored at -20 C until hormones were assayed. Bovine GH (NIH-GH-B12) was used as a reference standard, and bovine GH prepared by Dr. L. Machlin (lot 79789-F-2, 1.9 IU/mg) was used for iodination. Serum GH was quantified by radioimmunoassay as described previously (Purchas et al., 1970) . Glucocorticoids were measured by competitive protein binding (Smith et al., 1972) , while T4 was measured with kits from Radioassay Systems Laboratories, Inc. (Carson, CA), as modified for bovine serum T4 (Convey et al., 1978) . In Exp. 1, sera were analyzed for TSH as described by Borger and Davis (1974) and Kesner et al. (1977) .
Whenever possible, blood samples collected within an experiment were analyzed within a single assay. Alternatively, samples were divided among several assays so that samples from bulls initially paired by body weight for assignment to light treatments were analyzed within the same assay.
Exp. 1. This experiment was designed to determine the effects of duration of daily light exposure on serum concentrations of GH, TSH, glucocorticoids and Ta. On November 1 (natural duration of light = 11.8 hr), eight Holstein bulls 5 to 18 weeks of age (average 10 weeks) were placed in the chambers. During a 14-day adaptation period and the following 6 weeks, bulls were exposed to 8 hr of fluorescent light (8L, 0700 to 1500 hr, average 650 lux): 16 hr dark (16D). At the end of this period, bulls (four per group) were exposed to 16 L (0300 to 1900 hr) or 20 L (0100 to 2100 hr) daily for an additional 8 weeks. Blood was collected via jugular puncture at the midpoint (1100 hr) of the light interval twice weekly throughout the experiment. All sera were assayed for GH and TSH. Samples collected during weeks 5 and 6 (8L'.16D), 8 and 9 (16L:8D or 20L:4D) and 11 and 12 (16L:8D or 20L:4D) were assayed for glucocorticoids and T4. In addition, after 6 weeks of 8L:16D and 3 and 6 weeks of 16L:8D and 20L:4D photoperiods, jugular veins of bulls were cannulated as described previously (Leining et al., 1979) . Blood samples were collected 15 min before and O, 6, 14, 20 and 30 min after injection of 33 /ag TRH/100 kg body weight (1015 hr). Sera were assayed for GH.
Exp. 2. To determine the effects of intensity of light on GH, glucocorticoids and T4 in serum, the following experiment was conducted. Bulls 8 to 12 weeks of age (average 10 weeks) were placed in chambers on February 10 (natural duration of light = 10.4 hr). Bulls (four per group) were exposed to cool-white fluorescent light of 22 or 540 lux. Both groups received 16 L/day (0600 to 2200 hr). Blood was sampled via jugular puncture twice weekly at the midpoint (1400 hr) of the daily light period. After 6 weeks of exposure to one light intensity, groups of bulls were switched to the alternate intensity for an additional 6 weeks.
All sera were analyzed for GH, while samples collected between weeks 4 and 6 and between weeks 10 and 12 were assayed for glucocorticoids and T4. On the last day of each 6-week period, bulls were injected with TRH (1100 hr). Blood was sampled and analyzed for GH as described in Exp. 1.
Exp. 3.
This trial was designed to determine the effects of wavelength of light on serum concentrations of GH, glucocorticoids and T4. On June 26 (natural duration of light = 15.3 hr), eight 6-week-old Holstein bulls were placed in chambers. From weeks 1 through 5, bulls received 8L (1000 to 1800 hr):16D photoperiods of cool-white fluorescent light (300 to 750 nm, 540 lux). For the next 5 weeks (weeks 6 through 10), bulls (four per group) received 8 additional hr (1740 to 0140 hr) of either red fluorescent light (General Electric F40R, 550 to 750 nm) or blue fluorescent light (General Electric F40 BLB, 300 to 425 nm) for a total duration of 15.7 L/24 hr. The average irradiance of the red and blue lights was 41 pW/cm 2 1 m from the chamber floor. From weeks 11 through 15, supplemental red and blue lighting was discontinued, and bulls again received only 8 hr of cool-white light/24 hr.
Bulls were bled via jugular puncture twice weekly at the midpoint (1400 hr) of the daily light period throughout the experiment. All sera were analyzed for GH. Samples collected during weeks 4 and 5, 9 and 10 and 14 and 15 were analyzed for glucocorticoids and T4. On the fifth day of weeks 5, 10 and 15, TRH was injected and blood sampled for analysis of GH as described in Exp. 1. TRH was administered at 1215 hr in weeks 5 and 10, and at 1400 hr in week 15. In addition, estimates of episodic releases of GH were made from blood sampled via jugular cannula from each bull at 30-min intervals between 1030 and 1700 hr (cool-white light exposure 1000 to 1800 hr) on the seventh day of weeks 5, 10 and 15.
Statistical Analysis. In each study, split-plot . GH in serum from prepubertal bulls exposed to light that was increased from 8 to 16 hr daily (X--X) or from 8 to 20 hr daily (0--0) (four bulls per observation). SEM were .8 ng/ml between weeks 1 and 6, and 2.2 ng/ml between weeks 7 and 14.
analysis of variance (ANOVA) was used to evaluate hormone data. We used the appropriate mean square error term of these analyses to obtain estimates of standard errors of treatment means (SEM) and to test for differences among treatment means. When variation of mean hormone concentrations was suspected to be heterogenous, F ratios of ANOVA were tested with the conservative F-test of Geisser and Greenhouse, as suggested by Gill and Hafs (1971) , and SEM of individual treatment means were calculated. When these F ratios were significant, treatment means were compared by Dunnett's or Tukey's tests designed for heterogenous variance (Gill, 1971 (Gill, , 1977 . Concentrations of GH in serum after TRH injection were analyzed by split-plot ANOVA. Variables tested included peak concentration of GH between 6 and 30 min, time to peak and area under the GH response curve (Vines et al., 1976) . Finally, disappearance rates (t 89 of GH ang m1-1 min is the integration of GH concentration in each bull from 6 to 30 rain after TRH minus average baseline concentrations collected prior to TRH (area under the response curve). after TRH-induced peak concentrations were calculated for individual bulls. Calculation of t 89 was based on the assumption that only one rapid release of GH occurred after injection of TRH. Slopes achieved by regression of log GH concentration versus time elapsed after TRH injection were subjected to ANOVA.
Results
Exp. 1. Average GH in sera collected twice weekly was 8.8 and 7.8 ng/ml (P>.10) for the two groups of bulls exposed to 6 weeks of 8L:16D (figure 1). After daily light periods were increased to either 16 or 20 hr, concentrations of GH averaged 9.5 and 13.8 ng/ml, respectively (P>.10). Although average concentrations of GH did not increase after daily light periods were lengthened, concentrations of GH were more variable (P<.01) in bulls exposed to either 16L:8D or 20L:4D (s 2 = 242) than in bulls exposed to 8L:16D (s 2 = 31).
While TRH increased (P<.05) GH two-to fivefold above average basal values, duration of daily light exposure did not affect (P>.10) peak concentrations of GH, area under the hormone response curve, time required to achieve peak GH concentration or average t*A of GH after TRH (table 1) .
Concentrations of glucocorticoids decreased (P<.05) 29 and 39% within 2 to 3 weeks after daily light was increased from 8 to 16 and 20 hr, respectively. Concentrations remained low through 6 weeks of these exposures (table 2) . Although average serum T4 increased (P<.05) after 3 weeks of exposure to 16L:8D or 20L:4D, further increases in T4 were not observed after 3 weeks of continued exposure to 16L or 20L daily.
Concentrations of TSH declined (P<.05; figure 2 ) from an initial average of 4.2 ng/ml to a final average of 3.2 ng/ml. However, average concentrations of TSH did not differ (P>.10) during 8L:16D, 16L:8D and 20L:4D photoperiods.
Exp. 2. Basal concentrations of GH in sera of bulls exposed to 22 or 540 lux of light for 16 hr daily averaged 10.6 and 13.6 ng/ml (figure 3). Although intensity of light did not affect (P>.10) average GH concentrations, values were more variable (P<.01) in bulls exposed to 540 lux (s 2 = 322) than in bulls exposed to 22 lux (s 2 = 79). Figure 2 . TSH in serum from prepubertal bulls exposed to light that was increased from 8 to 16 hr daily (X--X) or from 8 to 20 hr daily (0---0) (four bulls per observation). SEM calculated from mean square error was 1.7 ng/ml. Figure 3. GH in serum from prepubertal bulls (0 or X) exposed to 16 hr light daily at intensities of 22 (--) or 540 (--) lux (four bulls per observation). SEM were 1.3 and 2.6 ng/ml during exposure to 22 and 540 lux, respectively.
WEEKS
Average GH was increased (P<.01) three-to sixfold after injections of TRH during weeks 6 and 12 (table 3) . However, peak release of GH, area under the hormone response curve, time required to achieve peak concentrations and t 89 of GH after TRH did not differ (P>.10; table 3) between bulls exposed to 22 and 540 lUX, Average concentrations of glucocorticoids did not differ (P>.10) between bulls exposed to 16 hr of 540 lux of light and those exposed to 16 hr of 22 lux (table 4). Overall concentrations of T4 measured when intensities were 22 and 540 lux averaged 77 and 78 ng/rnl, respectively (P> .10).
Exp. 3. Concentrations of GH in sera collected twice weekly averaged 10.4 ng/ml during 5 weeks of daily exposure to 8L:16D (figure 4). Increase in duration of light from 8 to 15.7 hr daily by addition of 8 hr of red or blue light did not affect (P>.10) GH concentrations, which averaged 14.0 and 10.9 ng/ml, respectively. However, during the last 5 weeks, when daily light periods were returned to 8 hr of cool-white light, average concentrations of GH decreased (P<.01) to 5.6 ng/ml for both groups of bulls. Similarly, average concentrations of GH estimated from samples collected through cannulas at 30-min intervals (figure 5) were greater (P<.01) on the seventh day of weeks 5 (8.1 ng/ml, s 2 = 22.5) and 10 (9.1 ng/ml, s 2 = 40.6) than on the last day of week 15 (5.8 ng/ml, s 2 = 9.4). Inspection of patterns of GH concentrations among individual bulls revealed that the increased variance during the last day of weeks 5 and 10 was due to asynchronous changes in GH concentrations, whereas few episodic releases of GH occurred during the last day of week 15 (figure 6).
Basal concentrations of GH before TRH injection as well as peak concentrations of GH in sera after injection TRH tended to be greater (P-~.05) at the end of weeks 5 and 10 than 15 (table 5) . However, when basal concentrations of GH were subtracted from TRH-induced values, as in analyses of area under the hormone response curve, response to TRH was not associated (P>.10) with changes in duration or wavelength of daily light periods between weeks 5 and 15. Time to maximum concentrations of GH and disappearance rates of GH (t 89 after injection of TRH during weeks 5, 10 and 15 were not different (P>.10; table 5).
Concentrations of glucocorticoids decreased by 35 and 58% (P<.05) after total daily light periods were increased from 8 to 15.7 hr, ang m1-1 rain is the integration of GH concentration in each bull from 6 to 30 min after TRH minus average baseline concentrations collected prior to TRH (area under the response curve). (table 6) . Although photoperiods were returned to 8L: 16D after week 10, concentrations of T4 continued to increase through week 15.
Discussion
We previously observed that 16L increased growth rates of Holstein heifers by 10 to 15% through the fall-winter season . Although PRL secretion is markedly increased by 16 hr of light (Bourne and Tucker, 1975) , this increased secretion is not maintained when ambient temperatures are below freezing . Since heifers continued to grow, it seemed likely that light may have affected body growth rates in winter via changes in other hormones associated with growth, such as GH, TSH, T4 or glucocorticoids.
The relationship between GH concentrations in sera and body growth is not clearly defined. Increased concentrations of GH accompanied enhanced growth rates in steers implanted with diethylstilbestrol (Trenkle, 1970) or zeranol (Borger et al., 1973) , whereas decreased concentrations of GH and increased rate of growth followed administration of melengestrol acetate Figure 4 . GH in serum from prepubertal bulls exposed to 8 hr cool-white light (300 to 750 nm), 8 hr coolwhite plus 8 hr red light (x;550 to 750 nm) or blue light (0;300 to 425 nm). There were four bulls per observation. SEM were 1.3, 2.7 and .8 ng/ml during weeks 5, 10 and 15, respectively. Figure 5 . GH in serum from prepubertal bulls exposed to 8 hr cool-white light (300 to 750 nm), 8 hr coolwhite plus 8hr red light (x;550 to 750 nm) or blue light (0;300 to 425 nm). Serum was collected at 30-rain intervals between 1030 and 1700 hr on the last day of weeks 5, 10 and 15 (four bulls per observation). SEM were .6, 9 9 and .4 ng/ml during weeks 5, 10 and 15, respectively. to heifers (Purchaset aL, 1971) . Although multiple injections of TRH stimulated growth in ruminants, increases in concentrations of GH after injections have been observed in bull calves (McGuffey et al., 1977) but not in heifers or wether lambs (Da~s et al., 1976) . In the present study, we observed that 8L:16D, 16L:8D and 20L:4D photoperiods did not produce a detectable change in average concentrations of GH in sera of prepubertal bulls sampled twice weekly. Data agree with previous reports that average concentrations of GH in cattle were not affected by changes in season (Koprowski and Tucker, 1973) , hours of light per day (Bourne and Tucker, 1975; or ambient temperature (Tucker and Wettemann, 1976) . Furthermore, neither extremes in . GH in serum of a representative bull (601) exposed to 8 hr cool-white light (300 to 750 nm) or 8 hr cool-white plus 8 hr red light (550 to 750 rim). Serum was collected at 30-min intervals between 1030 and 1700 hr on the last day of weeks 5, 10 and 15. intensity (22 vs 540 lux) nor broad spectrum wavelengths (300 to 425 vs 550 to 750 nm) of supplemental lighting, as used in the present studies affected estimates of average concentrations of GH. However, sampling frequency was probably not adequate to detect subde changes in GH secretion that could have occurred in response to photoperiod changes. Indeed, Davis et al. (1979) observed that amplitude of GH secretory spikes in sheep sampled at 15-men intervals for 12 hr in December was increased over that for sheep sampled in September. In addition, diurnal changes in GH would have been missed in many studies reported to date. Durations, intensities and wavelengths of light used in the present studies did not affect peak concentrations of GH, area under the GH response curve, time required to attain peak concentrations of GH or disappearance rates of GH after injections of TRH.
Although average concentrations of GH were not affected by durations, intensities or wave- e8 hr of 300 to 750 nm plus 8 hr of 300 to 425 nm (blue) light.
dng ml -I rain is the integration of GH co~c'entration in each bull from 6 to 30 rain after TRH minus average baseline concentrations collected prior to TRH (area under response curve).
e'f'gMeans in same row with different superscripts differ (P<.05).
lengths of light used in these studies, variability of the average GH values tended to be less when bulls were exposed to 8L:16D photoperiods or low intensity (22 lux) light. These observations may be significant if changes in variability among single observations represent changes in magnitude and(or) frequency of episodic releases of GH. Bursts of GH are secreted from the pituitary at intervals of 60 min or less (Quabbe, 1977) ; such episodic releases of GH have been observed in cattle (Trenkle and Topel, 1978; Christian et al., 1978) . Therefore, in an effort to determine the episodic pattern of changes in serum GH, we collected sera at 30-min intervals for 7 hr after 5 weeks of daily exposure to 8 hr of cool-white light, after 5 weeks of 15.7 hr of exposure to cool-white light supplemented with red or blue light and 5 weeks after bulls were returned to 8 hr of cool-white light. In contrast to the results we expected, episodic releases of GH were similar at weeks 5 and 10 despite a nearly 8-hr difference in daily light exposure. As in Exp. 1, however, responses to duration of daily light were confounded with advancing age. On the other hand, in Exp. 3, bulls were only 11 weeks of age when GH measurements were made after 5 weeks of exposure to 8L:16D. In contrast, bulls in Exp. 1 were older, averaging 10 to 16 weeks during exposure to 8L:16D and 17 to 23 weeks when exposed to 16L or 20L. Perhaps calves must reach a critical age before photoperiod affects the episodic secretion pattern of GH. Other age-dependent responses to c8 hr of 300 to 750 nm plus 8 hr of 300 to 425 nm (blue) light.
d'e'fMeans in same row with different superscripts differ (P<.05).
daylength have been observed (Reiter et aL, 1970) . Indeed, in Exp. 3, bulls averaged 21 weeks of age 5 weeks after duration of daily light exposure was reduced from 15.7 to 8 hr, and variability in GH release was markedly reduced. Obviously the interrelationships among age, photoperiod and GH secretion pattern warrant further study. Although intensity and wavelength of light did not affect glucocorticoid concentrations in sera from bulls bled twice weekly by venipuncture, glucocorticoids decreased by 29 to 58% after daily light periods were increased from 8 to 15.7, 16 or 20 hours. Since Purchaset al.
(1971) reported a negative correlation between plasma corticosteroids and growth rates, we suggest that these hormones may be involved in light-induced stimulation of growth of cattle.
Steers implanted with Synovex-S exhibited faster growth rates and had greater concentrations of plasma T4 than nonimplanted steers (Kahl etaL, 1978) . In that study, concentrations of T4 decreased in treated and control steers as the experiment progressed. Since steers were exposed to seasonal changes in temperature and daylength, it was not clear whether such decreases were related to season or age of steers. Although age and treatment effects were confounded in the present study, ambient temperatures were controlled. Under these conditions, we observed that irrespective of changes in duration, intensity or wavelength of light exposure, T4 tended to increase as animals aged. Therefore, it seems unlikely that light affects body growth via change in thyroid status, since duration of daily light failed to alter concentrations of TSH and the initial increase in T4 at week 3 in response to 16 L persisted through 6 weeks (table 2).
We conclude that decreased serum concentrations of glucocorticoids may be associated with light-induced increases in the growth of heifers, but whether GH is involved will require further study.
